ABSTRACT: The European Mytilus gafloprovinciafis Link. and [vl. edulis L. coexist and hybridize in different proportions in extended areas of the British and Atlantic French coasts. HI. galloprovincialis typical allozymes seem to predominate in wave exposed areas, at high levels of attachment and in larger mussels in the British hybrid zone. Mussel samples from exposed and sheltered areas, 200 m apart, and from high and low levels of attachment were collected from a location of the French . Putative lVl. galloprovinc~ahs was more abundant on the exposed coast (0.591 and t).702) than on the sheltered shore, where it predominated at the high shore but not at the low shore location (0.371 vs 0.045). Significantly posihve correlations between shell length and typical M. galloprovincialis compound allele frequencies were found only for populations from exposed areas. Relationships between the Mytilus genehc differentiation and ecological factors are discussed.
for the ODH ~ locus but not for the EST-D * locus, both diagnostic loci for M. galloprovincialis and M. edulis (Gosling & McGrath, 1990) . Moreover, typical M. galtoprovincialis alleles occur at higher frequency in large mussels than in small individuals from S.W. and N.E. English populations (Skibinski, 1983; Gardner & Skibinski, 1988; Skibinski & Roderick, 1991 ) but this correlation was not observed for W. Irish mussel populations (Gosling & McGrath, 1990) . A selective mortality hypothesis in favour of M. galloprovincialis has been proposed to explain the different proportions of typical alleles of M. galloprovmcialis and M. edulis according to ecological factors (salinity, wave exposure and height of attachment) and shell size (Skibinski, 1983; Gardner & Skibinski, 1988; Skibinski & Roderick, 1991; Gosling, 1992b; Gardner, 1994) .
In the French hybrid zone, different proportions and degrees of hybridization of both Mytilus forms have been reported depending on the location (Coustau et al., 1991; McDonald et al., 1991; Sanjuan et al., 1994) . Nevertheless, at present no detailed studies on the relationships of this genetic differentiation and ecological factors are available. Knowledge of the influence of ecological factors on the different proportions of ~V/. galloprovincialis and tel. edufis and their degree of hybridization outside the British hybrid zone may be important to help us understand the dynamics of the hybrid zone of both Mytilus taxa.
The main aim of this work was to study the microgeographic genetic differentiation of allozyme loci in mussel populations from the Continental or Atlantic French hybrid zone in relation to wave exposure and level of attachment. Samples from exposed and sheltered areas (only about 200 m apart) and from high and low levels of attachment were analysed for diagnostic loci for IVlytilus galloprovincialis and M. edulis (EST-D ~ LAP-I *, MPI* and ODH ~ and for AP-I ", LAP-2 * and PGM" loci.
MATERIALS AND METHODS
Mussel populations were sampled in a location (Capbreton, C ) of the Continental or Atlantic French hybrid zone of Mytilus galloprovincialis Lmk. and NI. edulis L. ( Fig. 1 ; Table 1 ). Mussels were collected from a wave-exposed area (breakwater) and from a sheltered one (channel of Capbreton), about 200 m away, in April 1992 (except CFA which was sampled in March 1988). Samples were taken at random at high and low levels of attachment (Table 1 ; Fig. I ). Two pure N/. galloprovincialis samples (GA1, GA2), collected in July and March 1992, and a pure M. edulis (ME), collected in March 1990, were also studied for comparison (Fig. 1 , Table 1 ). The mussels were brought alive to the laboratory and frozen at -70 ~ until required.
Horizontal starch-gel electrophoresis was carried out on 10 to 12 % gels at 4 ~ using standard techniques (Harris & Hopkinson, 1976; Murphy et al., 1990) . Portions of the digestive gland were homogenized in an equal volume of 0.01 M dithiothreitol solution and centrifuged at 8000 x g for 7 min. The supernatant was used as enzyme source for seven enzyme loci: Aminopeptidase-1 (AP-I*), Esterase-D (EST-D*) , Leucine aminopeptidase-i ( LAP-I ") , Leucine aminopeptidase-2 (LAP-2*), Mannose-6-phosphate isomerase (I%IPI*), Octopine dehydrogenase (ODH'), Phosphoglucomutase (PGM'). EST-D *, LAP-1 ", MPI* and ODH* are partially diagnostic loci between Mytilus galloprovincialis and M.edulis (Ahmad & Beardmore, 1976; Skibinski et al., 1978 Skibinski et al., , 1980 Skibinski et al., , 1983 Grant & Cherry, 1985; Varvio et al., 1988; Sanjuan et al., 1990) . Electrophoretic procedures and Fig. 1 . A: geographic distribution of Mytilus galloprovincialis and M. edulis on the S.W. European coasts, pointing out the continental hybrid zone of both Mytilus (redrawn from Sanjuan, 1992) and pure M. galloprovincialis (GA1, GA2) and Capbreton ( C ) sites. B: sample sites are shown in Capbreton (CFA and C 4 : exposed samples; C 3 sheltered samples). Pure M. edulis were taken from The Netherlands (ME) sheltered, low 34 terminology were basically those described in Ahmad et al. (1977) and Skibinski et al. (1980) for AP-1 *, EST-D *, LAP-1 *, LAP-2" and PGM'; Grant & Cherry (1985) for ODH ', and Sanjuan et al. (1990) for MPI'. Notation for allozymes were based on recommendations of Shaklee et al. (1990) .
Estimation of F in each population was carried out by a statistic developed by Robertson & Hill (1984) . This statistic is an unbiased estimate of F, and a significance test exists which has a higher statistical power than the usual chi-square test (Robertson & Hill, 1984; Sanjuan et al., 1990) . The Fstatistic was used to measure the deviation of genotype frequencies from Hardy-Weinberg expected proportions; positive values indicated a deficit of heterozygotes, and negative values an excess. Comparisons among populations were made by homogeneity chi-square test of allele frequencies. Estimates of the null hypothesis probability were made by Monte Carlo simulation because of the expected low values (Roll & Bentzen, 1990) .
Estimation of Nei's genetic distance {Nei, 1972) from the allele frequencies at the seven loci was carried out among all pairs of populations. A hierarchical cluster analysis using the unweighted pair-group method with arithmetic averaging (UPGMA) was applied to the matrix of pairwise genetic distances (Sneath& Sokal, 1973; Dunn & Everitt, 1982) . The cophenetic correlation coefficient was calculated and was used as a measure of the goodness of fit of the dendrogram to the original matrix of distances (Sneath& Sokal, 1973) . The samples were also ordinated with a non-metric multidimensional scaling upon the distance matrices. The stress, which is a measure of the goodness of fit of the distances in the final configuration with the observed distances, was also calculated. A minimum spanning tree was superimposed on the non-metric multidimensional scaling plot to graphically detect local distortions (Dunn & Everitt, 1982; Reyment et al., 1984; Rohlf, i990 The *g and *e synthetic alleles for each locus were averaged over the four diagnostic loci to calculate mean *G and "E compound alleles according to the method of Skibinski (1983) . A hybrid index or composite genetic index using the 4 diagnostic loci was also applied to identify the mussel forms according to Sanjuan et al. (1994) . The hybrid index score for each individual could range from -8 to +8. Individuals with values between -8 and -5 were regarded as putative ]VI. galloprovincialis, between +5 and +8 as putative NI. edulis, and individuals with 0 value and tetraheterozygotes "eg as hybrids. Corrected normalized values were used for individuals where one locus was unscored.
The shell length of the mussels from 4 mixed populations (C4A, C4B, C3A, C3B) was measured to study the relationship between the frequency of Mytilus galloprovincialis typical alleles and shell length. Length categories of 0.5 cm interval were considered. For this particular analysis, a larger number of small and large individuals were chosen from each population to increase the sample size of smallest and largest length categories. The frequencies of *G and *E compound alleles were calculated for each length category. Linear regression between frequency of "G allele arcsin transformed and the mid-point of each length category was made (see Gardner & Skibinski, 1988) . Most genetic analyses were performed with GENET-2 (Quesada et al., 1992) and Zaykin & Pudovkin (1993) computer programs. Multivariate analyses were carried out using the NTSYS-pc computer program (Rohlf, 1990 ) and conventional statistical calculations with SPSS/PC package (Nie et aI., 1975) .
RESULTS
Allele frequencies at diagnostic MPI', ODH') and non-diagnostic loci (AP-1 ", LAP-2", PG~I') for analysed samples are shown in Table 2 . Allele frequencies for diagnostic loci for pure Mytilus galloprovincialis (GA_) and pure M. edulis (ME) populations agreed with those previously reported (see Gardner, 1992; Gosling, 1992b; Sanjuan et al., 1994) . Populations from the hybrid zone (C) showed most abundant alleles for both diagnostic and non-diagnostic loci in intermediate frequencies between those for pure control populations (GA_ and ME). For example, for EST-D * locus, the EST-D "90 allele had a frequency of about 0.900 for the M. galloprovincJa]is populations (GA_), 0.074 for the M. edulJs control population (ME), and ranged from 0.803 to 0.192 for populations from the hybrid zone (C) ( Table 2) .
The Robertson & Hill (1984) estimate of Fper locus in each population is shown in Table 3 . Mixed populations from the sheltered area (C3_) showed significant positive F values for at least three of the four diagnostic loci but it was not detected for nondiagnostic loci (AP-1 ", LAP-2 ", PGM'). These results and their intermediate frequencies between pure Mytilus galloprovincialis (GA_) and M. edulis (ME)samples, may be related with a Wahlund effect, because larger differences in the allele frequencies for diagnostic loci than for non-diagnostic loci exist for pure M. galloprovincialis and M. edulis (Table 2) . Two mixed populations from the exposed area (C4) and a control M. galloprovincialis (GA2) showed significant positive Fvalues for at least two diagnostic loci. On the other hand, LAP-I " and ODH" loci showed significant positive Fvalues for five of a total of eight samples including pure M. galloprovincialis and M. edulis populations.
The UPGMA dendrogram ( Fig. 2A) showed the deepest dichotomy (genetic distance = 0.58) between a small group, which included the control Mgtilus eduBs (ME) and a mixed population from the sheltered area (C3B), and another group, which included the NL galloprovincialis control populations (GA) and the remaining mixed populations (CFA, C4A, C4B, C3A). In this latter group, the population from the sheltered area and with high level of attachment (C3A) was separated from most samples. The 2-dimensional projection plot of the non-metric multidimensional analysis and the superimposed minimum spanning tree showed that the populations from the hybrid zone were situated in an intermediate position between the extreme M. galloprovincialis (GA_) and/k/, edulis (ME) control populations (Fig. 2B ). The population from the sheltered area and with low level of attachment (C3B) was near the ME control population. The populations on the exposed shore (CFA, C4) were close to the GA control populations, whereas the population from the sheltered area and high level of attachment (C3A) Table 2 ). The same topology and ordination of samples was obtained when the genetic distances were calculated using only the diagnostic loci (data not shown). These data revealed the distinct lVlytilus composition of each sample from the hybrid zone. The frequencies of the synthetic alleles for each locus ['g, "e, "o) are shown in Table 4 . Populations from the hybrid zone (C) showed intermediate allele frequencies between those of pure Mytilus galloprovincialis and M. edulis. Populations from the exposed shores (CFA, C4_) showed "g allele frequencies (0.714 to 0.975) near those of ?vl. galloprovincialis control populations (GA_; 0.818 to 0.970) and greater than those from the sheltered area (C3_; 0.192 to 0.679). In the sheltered area, the population from low level of attachment (C3B) showed *g allele frequencies about 0.192 to 0.252, near those of M. edulis control population (ME; 0.030 to 0.074), whereas the population from high level (C3A) showed intermediate "g allele frequencies (0.537 to 0.679) between C3B sampie (0.192 to 0.252) and those from the exposed area (CFA, C4_; 0.714 to 0,975). The distributions of the hybrid index for each sample are shown in Figure 3 . The CFA sample was not considered in this and subsequent analyses because it was collected at a different date (March 1988) . The histogram for Mytilus galloprovincialis (GA1) and A4. edutis (Mh-) control populations showed a unimodal distribution with a mode at -8 value (51% of individuals) and +8 value (74 % of individuals), respectively (Fig. 3A) . One individual had 0 value, but it was not an ~ tetraheterozygote. The mixed populations (C) showed bimodal or trimodal distributions (Fig. 3B ). The modes with the highest frequencies were at -8 value for C4A, C4B and C3A with 46 %, 33 % and 22 % of sampled Fig. 2 . A: UPGNIA dendrogram; B: non-metric multidimensional scaling plot of mussel populations from the continental hybrid zone ( C ) and pure Nfytilus galloprovincialis (GA_) and M. eduIis (ME) upon genetic distances (Nei, 1972) using alleles frequencies at seven enzyme loci (AP-I ", EST-D *, LAP-I ", LAP-2*, MPf*, ODH* and PGS,/"). The cophenetic correlation coefficient for the UPGMA dendrogram was r = 0.829. The final stress for the non-metric multidimensional scaling analysis was S = 0.007, which means an excellent adjustment. Minimum spanning tree was superimposed on the non-metric multidimensional scaling plot. Population codes as in Table 1 individuals respectively, and at +8 v a l u e for C3B with 30 %. The other m o d e s w e r e at 0 v a l u e for C4A (9 %) a n d C3A (20 %), at 2 v a l u e for C4B (8 %) and at -2 and -4 v a l u e for C3B (5 %) populations. C4A and C3B p o p u l a t i o n s s e e m to s h o w also a w e a k third m o d e at 8 12 %) a n d -8 (4 %) values, respectively. T h e s e results clearly s u g g e s t e d that e a c h m i x e d s a m p l e comprises a mixture of M. galloprovincialis, M. edulis, hybrid and introg r e s s e d forms in v a r y i n g proportions.
The distributions of putative Mytilus galloprovincialis (Mg), p u t a t i v e M. edulis IMe) a n d their hybrids (Hi for m i x e d p o p u l a t i o n s ( C )
are c o m p a r e d in Table 5 . Putative IVf. galloprovincJalis was clearly the most abundant form in exposed populations {C4_) (70.2% and 59.1%), whereas it was at lower frequencies in sheltered samples (C3)(37.1% and 4.5 %). Significant differences in the distribution of putative ~/. galloprovincialis (Mg), M. edulis (Me} and hybrids (H) were found between exposed and sheltered samples for high and low level of attachment (Table 5) . Also significant differences in the allele frequencies of diagnostic loci were detected between exposed and sheltered populations on high level shore (EST-D * X 2 = 16.2, P< 0.001; LAP-I * X 2 = 17.8, P< 0.001; MPI* X z = 12.7, P< 0.01; ODH* X 2 = 16.5, P< 0.01) as well as at low level of attachment (EST-D* X z = 80.8, P< 0.001; LAP-1 * X z = 70.7, P< 0.001; MPI* X 2 = 72.4, P< 0.001; ODH ~ X 2 = 69.3, P < 0.001). For non-diagnostic loci, significant differences were detected only for AP-I " locus (X 2 = 10.8, P< 0.05) at low level of attachment. In relation to the level of attachment, putative M. galloprovincia]is was more abundant at high level of attachment both at exposed (70.2 % vs 59.1%) and sheltered (37.9 % vs 4.5 %) sites, but significant differences were found only among sheltered populations (C3A vs C3B). Significant differences in allele frequencies at diagnostic loci for homogeneity chi-square test were detected among sheltered populations (C3A vs C3B) (EST-D" X 2 = 44.7,P < 0.001; LAP-/* X 2 --34.5, P< 0.001; MPf" X z = 45.7, P< 0.001; ODH* X 2 = 29.3, P< 0.001) and also for the non-diagnostic AP-1 " locus (X 2 = 14.0, P < 0.05). Hybrid individuals exhibited the Fig. 3 . Histograms showing the distributions of the hybrid index for (A) pure ?~lytilus galloprovincialis (GA1) and IVL edulis (ME) control populations and for (B) four populations from the hybrid zone (C). N is the number of individuals. Population codes as in Table I highest frequency (12.9 %) in the C3A sample (high level of attachment of the sheltered population).
The relationship between the frequency of the compound allele of i~iytilus galloprovincialis (*G) and the shell length for populations from the hybrid zone is shown in Figure 4. An increase of *G allele frequency with length may be observed for exposed samples (C4_), but it was not clear for sheltered samples (C3_). Linear regression analysis between m e a n compound *G allele frequency arcsin transformed and mid-point of each shell length category showed significant positive correlation coefficients only for the exposed populations {Table 6), where the ?,4. galloprovincialis form is the most a b u n d a n t (see Table 5 ). (Me) and its putative hybrids (H} for four populations of the hybrid zone (C4A, C4B, C3A, C3B), according to the degree of wave exposure and the level of attachment to the shore. An individual was considered putative M. galloprovincialis (Mg) when the hybrid index was between -5 to -8, putative N/. edulis (Me) between +5 to +8, and hybrids [HI when it was zero and tetraheterozygote.
The percentage of each taxon in respect of the sample size is given m parentheses. The homogeneity chi-square test values among pairs of populations are also given (X2). N is the sample size.
Population codes as in Table 1 Degree 
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C3A population C3B population 46 (37.1%) 6 ( 4.5 %) 16 (12.9'YM 3 ( 2.3 %) 17 (13.7%) 78(591%) 124 132 22.6 " " * 129.5 " " " 9 * "P < 0.001 (significance levels for X-' test) 0.4 78.6" " * Table 6 . Linear regression of the arcsfn transformed of the "G compound allele frequency against mid-poinl of shell length category lor four populations from the hybrid zone 1C4A, C4B, C3A, C3B). Population codes as in Table 1 Population Intercept Slope Coefficient(r) Significance Fig. 1 ). The UPGMA dendrogram and the multidimensional scaling plot showed that populations from an exposed shore (CFA, C4A, C4B) were grouped with those of M. galloprovincialis control populations (GA1, GA2) ( Fig. 2A,   B) ; one population from a sheltered area and with a low level of attachment (C3B) was grouped with the M, edutis control population (ME); and the other sheltered population with a high level of attachment (C3A) had an intermediate position (Fig. 2B) . The rela- vincialis and M. edulis alleles at the diagnostic enzyme loci, and consequently on the proportions of both Mytilus forms. Typical M. galloprovincialis alleles for diagnostic loci showed significantly higher frequencies for exposed samples (CFA, C4) than for sheltered populations (C3) ( Table 2 , 4). The present results from continental mixed Nlytilus populations are in accordance with those found in Irish and English hybrid zones for diagnostic loci (Gosling & Wilkins, I977, 1981; Skibinski et al., 1983 ; but see Skibinski & Roderick, 1991) . On the other hand, non-diagnostic loci (AP-I *, LAP-2*, PGM*) did not show significant differences between exposed and sheltered populations, except AP-I " for samples with a low level of attachment. These latter results contrast with those genetic differences found between exposed and sheltered Irish populations at LAP-2* and PGM* loci (Gosling & Wilkins, 1981) . The proportion of putative M. galloprovincialis individuals was significantly higher in exposed populations than in sheltered samples separated by only 200 m (see Table 5 ). These results are in accordance with the ratios of M. edulis and M. galloprovincialis, as identified on morphological bases, varying according to the wave exposure in the French hybrid zone (Seed, 1972) . Consequently, it seems that the predominance of M. galloprovincialis on wave-exposed coasts is a general phenomenon in the European hybrid zone of M. galloprovinciafis and M. edulis (cf. Gosling, 1992b; Gardner, 1994) . It has been suggested that the M. galloprovincialis form has an advantage in exposed regions and differential viability is thought to be the most important cause (Skibinski, 1983; cf. Gosling, 1992b; Gardner, 1994) . The strength of attachment to the substrate is greater in M. galloprovincialis than in M. eduHs (Gardner & Skibinski, 1991; Willis & Skibinski, 1992) . In addition, the shell shape of M. galloprovincialis may be particularly well suited for exposed locations (cf. Gosling, 1992b; Gardner, 1994) . If the wave action acts as a selective agent in exposed areas, the greater strength of attachment to the substrate gives M. galloprovincialis an adaptive advantage, and it can explain the present results. Salinity variation could explain differences in the genetic composition between exposed and sheltered shore mussels (see Gardner, 1994) , but the sheltered shore investigated in this work is very close to the exposed shore studied (200 m; Fig. 1B) , and the possible freshwater input does not seem to strongly affect the salinity conditions because a marine lake joins the freshwater stream before it flows into the Capbreton channel. Nevertheless, the factors which result in the reduced presence of M. ga]loprovincialis at most of the sheltered sites of the hybrid zone are still unknown (Gosling, 1992b; Gardner, 1994) .
The frequencies of the Mytilus galloprovincialis typical alleles were greater in mussels with a h~gh level of attachment thanin those with a low level, in both exposed and sheltered areas; but significant differences were found only in the sheltered populations (Table 2 , 4). This may be a consequence of the significantly higher proportion of putative M. galloprovincialis at high shore (37.9 %) than at low shore locations (4.5 %) for sheltered populations (Table 5) . A greater frequency of NI. galloprovincialis typical alleles at several diagnostic loci were also found for mussels higher up the shore than those lower down on English exposed and sheltered coasts (Skibinski, 1983; Gardner & Skibinski, 1988; Skibinski & Roderick, 1991) , but amongst Irish exposed populations, genetic differences were only observed at the ODH* locus but not at the EST-D * locus (Gosling & McGrath, 1990 ). The degree of exposition to wave action in the investigated exposed shore may be different from that of the English and Irish reported sites, and this, together with the fact that mussels at the high shore were not the upper mussels, could be a cause of these distinct results. Moreover, at some exposed sites, wave action may affect in a similar and homogeneous way both high and low level areas and it could be hiding the effect of other factors which could make those areas different environments. In sheltered sites, such as enclosed bays or estuaries, other ecological factors such as salinity fluctuations, aerial emersion, or temperature could overlap the wave action effect as a selective force (cf. Gosling, 1992b; Gardner, 1994) . Genetic differences related to shore height have been suggested to derive from recruits composed of genetically distinct cohorts which settle preferentially at different levels on the shore or from recruits genetically homogenous but once settled diverge genetically over time due to different selective pressures such as air exposure (Gosling & Wilkins, 1985; Gosling & McGrath, 1990 ., Gosling, 1992b Gardner, 1994) . At present, it is clearly not possible to disregard one of these hypotheses. However, M. galloprovinciafis maintains a higher feeding rate and a net energy balance, compared with 54. edulis, under temperature conditions between 20~ and 25~ and these are clearly important characteristics that determine the capacity of this form to thrive in warm-temperate waters (Hilbish et al., 1994) . In addition, /V/. galloprovincialis may be better able to withstand longer periods of emersion than NI. edulis (Gosling, 1992b) . These abilities of M. galloprovincialis could be useful for life higher up on the shore in sheltered areas, where there are periods of time in which mussels are exposed to the air, and the temperature of the water inside the valves increases. Consequently, wave action may not be the main selective agent related to shore height on sheltered coasts, and other factors such as air exposure and temperature may play a role in furthering the different survival of both forms of mussels. Again, different viability may be involved in the high level of attachment on sheltered shore to the advantage of M. galloprovincialis. However, no clear factors explain the predominance of M. edulis at low shore locations on sheltered coasts (cf Gosling, 1992b; Gardner, 1994) . A positive correlation between the frequency of the typical compound allele of
Mytilus galloprovincialis (G *) and shell length was found, but only for exposed populations (Table 6 , Fig. 4 ). These results are in line with those found for English populations (Skibinski, 1983; Gardner & Skibinski, t988; Skibinski & Roderick, 1991; Gardner et at., 1993) . No such correlation was found for Irish exposed populations (Gosling & McGrath, 1990) , and tt may be explained because only a low percentage of mussels greater than 8 mm in length were considered (Gardner, 1994}. The mussels studied in this investigation ranged from 10 to 60 ram, and the correlation was found for exposed populations. Local environmental conditions, such as different degrees of wave exposure, or different degrees of hybridization could explain these different results. A higher viability coefficient in M. galloprovincialis than in M. edulis regarding the strength of attachment of the byssus has been suggested to explain the correlation phenomenon [cf. Gosling, 1992b; Gardner, 1994) . This hypothesis could explain why that correlation is found in exposed environments and not in sheltered ones, as a consequence of the strong effect of wave action as a selective force in exposed areas but not in sheltered ones. With regard to the stability of the hybrid zone in time, homogeneity chi-square test for allele frequencies at diagnostic and non-diagnostic loci showed no significant differences between populations from the same place sampled in 1988 (CFA) and 1992 (C4A) (data not shown; see Table 2 ). This can be taken as evidence that both samples exhibit short-term temporal genetic stability and supports the idea that Mytilus hybrid zones are stable in structure (Gardner & Skibinski, 1988; Beaumont et al., 1989; Gardner et al., 1993) . Nevertheless, Viard et al. (1994) report strong genetic changes in time in their samples in the French hybrid zone after 3 years, but ecological data are not reported. Considering the microhabitat differences found for Mytilus mixed populations, care must be taken to choose the same sample area in different years, and it could explain this latter discordant result.
The environmental factors which may cause the genetic differences between exposed/sheltered and high/low shores can interact making it difficult to foresee the genetic composition of the lVlytilus mixed populations. Coustau et al. (1991) note that the distribution of nine populations along the French hybrid zone does not correspond with a geographical gradient. No details of physical conditions at each site are given, and no conclusions concerning the relationship of ecological factors and genetic differentiation can be reached from this study. Moreover, these above described results contrast with the gradient observed in the M. galloprovincialis typical alleles for mixed populations from the southern limit of tVl. edulis (South French hybrid zone) in the same environment (Sanjuan et al., 1994) . Results of this latter report and present data agreed with the Mytilus hybrid zone being considered a mosaic hybrid zone, where its structure is strongly influenced by the underlying mosaic of environmental variation (see Gardner, 1994 and references therein). More detailed genetic studies covering different sites of the continental hybrid zone and considering ecological factors may clarify the micro-and macrogeographic differentiation of the French hybrid zone of M. galloprovincialis and M. edutis.
